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DIVISION S-5—SOIL GENESIS, 
MORPHOLOGY, AND CLASSIFICATION 


Tundra Soils Formed over Ice Wedges, Northern Alaska! 
JERRY Brown? 


als Y ‘ . . mit. ¢ ; 
ABSTRACT known as ice wedges or vein ice. ‘This ice accumwates 
. 4 - - ; - increments more cr Jess continuously over Jong perivds 
The physical and chemical properties of tundra soils overlying ; m 


© « ° . as 4 result f e annus ane ir ontrs 
ice wedges are determined and the role of ice wedge growth in as a result of the annual filling of thermal cor 


the genesis of these soils is evaluated. Ice wedges form in with hoar-frcst or snow melt waters (1, 14). Asawi 
perennially frozen ground as a result of repetitive winter cracking the wy of repeated ground cracking in the troug 
of the ground and filling in by ice. A thin layer of soil 1s isolated filing, the overlying trough widens with a corr 
over the enlarging wedge in narrow depressions which result in decrease in the size of the intrapclygonal] area. The 
polygonal ground. The soil thaws seasonally from the surface the polygon, trough, and ice wedge are therefore } 
downward and freezes from both the top and bottom. Accom- dependent. Pedologically the growth of ice wedges m 
panying moisture migration results in a dehydrated midsection. z progressive change in the composition of the froze 


No significant migration of cations or mineral grains was observed he oie 1: Bey a 
3 ‘aie ; : strate or parent materia] in which the over] : 
in a 70-cm deep tundra soil. The ice wedges are subjected to f ‘ a: 4] er Don te tea hes 
m ‘ ! : — orming. Since the growing ice wedge is fed pru 
meliing which creates new soil environments. Evidence of these ~ S 4 i : 
changes have been traced over a 14,000-year period at Barrow, 


Alaska. ground is replaced by ice and the original parent ms! 
subjected to both compaction and displacement. A Uun 
of soil that thaws seasonally becomes isolated ovet 


water from external sources, a considerable velum 


Additicnal Key Words for Indexing: polygons, thawed soil, 


frozen ground. growing wedge. The upper boundary of the wedge geurr™ 
coincides with the lower limit of seasonal soil thaw. © 
a: oe (hae - ? ological processes Occurring in this thin layer of sé 
JN ReGions of perennially frozen ground, ice wedge polygons the. cracking or fracturing cf the frozen soil (as W: 
i are a characteristic surface feature. Polygons are outlined underlying wedge) as the ground cools rapidly and « 
by shallow troughs which, below the seasonally thawed layer, during winter, uniJatera] seasonal thaw frem the 
are usually underlain by large masses of vertically foliated ice downwards during the summer, bilateral] freezs 
‘Contribution from US Army Cold Regions Resea h & Eng. thawed layer with afcomy anying migration af 
Lab., Hanover, New Hampshire. Logistical si pp rt ia Arctic possibly inorganie constituents (9), Jatera] flow of 
tesearch Lab., Burrow, Alaska and assistance by Je hn Roup, and possibly some sci] over the impermeable ice » 
Rahert I, Lewellen Paul vSlioann ae gratefully weowl. —nereases in pressure within the sol during freea-tosk- 7 
? Research Soil Scientist, Earth Sciences Branch. purpose of this paper is to characterize tundra sei's (ee 
¢ 2 3 (j 5 yd 3 FRom: Soil SC/EME Society oF AMER A 
5 R 9) FRocgedi Nes Vel. 3/, No. &, 
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edges and to in:erzret the role of ice wedge growth 
esis of these soils. 
sion of soils formed over ice wedges is restricted to 
urrence in fine csined, predominantly mineral 
s near Barrow, A‘ssxa (71° 15’ N, 156° 40’ W), 
t the ncrthern excremity of the Arctic Coastal Plain. 
on is characterizai >y low relief, widespread occur- 
polygonal grow>?. shallow oriented Jakes, and 
drained Jake bssns. Although the study area is 
on the littoral frinzes ef northern Alaska, the genetic 
- occurring in the ails overlying ice wedges are 
d similar to those found in other regions of active ice 
owth. Mean annzs! temperature is —12.6 C. The 
thaw season, or peried of positive degree-day accumu- 
88 days during which time snow or frost can occur and 
tion averages 57 2-2. The average thaw index is 
gree days (US Weather Bureau Climatic Data, 
Depth of soil thaw varies considera!:ly from year to 
; 80 points in predominantly fine-grained soils, depth 
aw during the 5-resr period 1962 to 1966 (standard 
. in parentheses) averaged 43 (8.4), 41 (9.3), 33 (8.7), 
nd 37 (7.3) em. (J. Brown, 1965, Agronomy Abstracts, 
other unpublished data of the author). The area is 
swamip-like, a reflection of the shallowly thawed soil 
underlying perenn‘sly frozen ground which extends 
s in excess of 300 m. The near-surface sediment 
of reworked marine. lacustrine, eolian, and alluvial 
of mid- to late-Pleistecene and Recent ages (2). 


ajor genetic soils cf nerthern AJaska include Arctic 
‘undra and Bog soils (11, 16, 17). The tundra soils 
ed into Upland ani Meadow Tundra which can be 
thdivided based upen depths of thaw, drainage, color 
ness of the surface erzanic layer. From planimetered 
a preliminary soi] sap for the Barrow area (J. V. 
57. Ph.D. Thesis, Rutgers Univ.), the distribution 
757% Meadew Tux 2-1 approximately 10% Bog, 5% 
‘undra, and only menor vecurrence of Arctic Brown, 
remainder of the land surface cemprising gravel 
nd recently exposed lake alluvium. Approximately 
he ground surface contains pelygons with flat tops, 
t 20% contains polygons with distinct raised edges. 


MATERIALS AND METHODS 


9m the present studies are available from two locations 
row area. The first sample site is a 30 by 35 m plot lo- 
topographic rise (S.S m above sea level, 71° 17’ 15” N, 
30” W). The ares consists of predominantly high- 
ind flat-topped pelygons containing Upland Tundra, 
Tundra, and Bog soils. Polygon troughs generally are 
n width. Since sampling and detailed observations of 


tundra soils that overlie ice wedges are impractical 
soils are thawed, studies were conducted while the soil 
letely frozen in mids>ring. Access to soil sections was 


ied by augering large-diameter holes to depths of 6 m, 
nples were collected by chipping with a chisel or by an 
‘ powered core barre! for obtaining undisturbed samples. 
d sampling site consists of SO locations randomly dis- 
ong a 1.5-km traverse (S). Frozen vertical cores were 
o a depth of Jmateschlocation Depth of thaw was 
1 by probing with s metal rod periodically during the 
exsonal thaw. 
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Laboratory analyses consisted of moisture determinations at 
105C, loss-on-ignition at 500C, standard hydrometer and sieve 
anulyses, cation exchange capacity by sodium acetate extraction 
at pH 7, exchangeable Ca and Mg by EDTA and Na and K by 
flame photometry, pH on 1:2.5 soil-water suspension with glass 
electrode, carbon by dichromate titration, total nitrogen by 
Kjeldahl, and dry density on wax coated, frozen cores by weighing 
in air and liquid. 


RESULTS 
Morphology 


Tundra soils discussed in this paper are those associated 
with the troughs of the ice wedge polygons. These soils are 
easily located on the ground or from the air as illustrated by 
the aerial photcgraph of characteristic polygonal ground 
(Fig. 1). Ice wedges also underlie soils near the surface cr are 
deeply buried in locations that lack trough microrelief. Soils 
associated with these conditions are not described herein but 
have been mentioned briefly elsewhere (5, 6). In the diagram 
of the 30 by 35 m plot (Fig. 2), Meadow Tundra soils are 
largely underlain by ice wedges, the tops of which occur 60 to 
70 cm below ground surface. Upland Tundra soils occur on 
the polygon tops; they generally consist of 2 to 5 em of surface 
peat and 30 to 40 cm of mottled, brown mineral soil which 
yields abruptly into an organic-rich mineral zone. The lower 
boundary of the seasonally thawed soil is irregular and, 
although it generally conforms to the surface relief, is a 
complex reflection of soil moisture and thickness of sur- 
face peat. Ponded areas in the diagram are surrounded by 
Half Bog soils and represent thaw pits which result from 
selective melting of the ground ice. Meadow Tundra soils in 
the troughs of the 30 by 35 m plot generally consist of 10 to 
15 cm of mossy, water-saturated peat overlying some 50 to 
60 em of grayish-brown, slightly mottled silt loam. (Soil 
colors are difficult to evaluate in the frozen state and change 
drastically upon thawing.) In the frozen state, the upper 
10 cm of mineral soil contains smal], discontinuous, hair-like 
ice lenses. This layer is underlain by a dense, firmly bonded 
grayish-brown layer with an absence of visible segregations 
of ice which yields abruptly to an ice-rich mineral zone 
containing stratified ice lenses 5-10 em thick. This terminates 
on the gently undulating upper surface of an ice wedge. 
Small, discontinuous masses of partially decomposed peat are 
found throughout the lower portion of this ice-rich zone. The 
morphology of this Meadow Tundra soil is illustrated in 
Fig. 3. Only occasiona] summer thaws penetrate the entire 
mineral mass to the ice wedge top. 

In the 1.5 km by 100 m wide traverse located 5 km west 
of the plot site, the soils overlying ice wedges in polygon 
troughs approximated 22 %of the total surface area (7). Of 
the 80 randomly placed ccres in this traverse, 20 revealed ice 
wedges at an average depth of 47 cm. The 5-year maximum 
measured depth of thaw (1962 to 1966) at these points was 
only 39 em in contrast to 51 cm in adjacent tundra svils that 
did not overlie ice wedges. Since the tops of the ice wedges 
represent the maximum depth of soil thaw, the discrepancy 
between the average depth to ice wedges (47 em) and the 
measured depth of thaw (39 cm) indicates that climatic 
conditions during 1962 to 1966 did not favor maximum depth 
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Fig. 1—Vertical aerial photograph of polygonal ground. 
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Fig. 2-- Idealized block diagram illustrating spatial relationships 
of ice wedges and soils. 


of soi] thaw. Analyses of the Barrow climatic data for the 
past 45 years suggest at least two summers (1951 and 1954) 
_ capable of thawing the soil to the tops of the ice wedges. Use 
_ of ice Jens and wedge morphology is therefore an important 
criterion for evaluating both recent climate and, as will be 
discussed Jater, paleoclimatic environments. 
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Physical and Chemical Properties 


Dry densities of core samples taken from the soil profile 
illustrated in Fig. 3 increase to a maximum at the base of the 
dehydrated zone (zone of lowest moisture content in the 
frozen condition) in the Meadow Tundra soil (Fig. 4). This & 
the zone which freezes Jast and probably has the maximut 
pressure developed within it as the freezing fronts from the 
surface of the soil and the top of the ice wedges converge 
Particle size determination on samples taken at 5-cm inere 
ments show no significant accumulation or depletion zones @ 
the mineral soil (Table 1). Moisture contents in the de 
hydrated zone are as low as 15% when the soil is frozen, bet 
increase during the sammer to between 20 and 38% (Fig. 4h 
Saturation values on laboratory samples average about 24% 
for this zone. 

This soil is moderately acid with no distinct shift-in pl 
values with depth (Table 2). Cation exchange capacities ae 
positively correlated with percent carbon. Base saturatie® 
varies between 13 and 18% with no distinct trend noted 
Calcium is the dominant cation with the divalent catiom 
being positively correlated with percent carbon. The mote 
valent cations are not correlated with organic conte®* 
Therefore, the decrease in the Ca + Mg/Na + K ratio at 
19 to 27 cm depth is likely due to the decrease in orga™ 
matter. The carbon/nitrogen values are widest in the 14% 
cm zone. 


DISCUSSION AND CONCLUSIONS 


The frozen parent material from which these tundrs at 
are principally derived has probably been rewerked 


modified since initial deposition in a marine environ’ 
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DEPTH,cm 


is is suggested by two independent lines of evidence. From 
r studies it has been shown that the chemical contents 
he soil water extracts from the upper 3 m of frozen 
diment are extremely low, and increase markedly below this 
pth (5, 15). In addition, this shift in chemical composition 
mncides with a lithologic break at the same depth where the 
y a presumably truncated and buried ice wedge occurs 
Ca ; 
Tt has been postulated (5, 6) that the buried ice wedge was 
utially melted during a previous pericd when a deeper thaw 
eurred. The maximum age of this buried ice wedge has 
*n estimated at between 8,000 and 14,000 years based upon 
ui0carbon dating of the recovered organic residues in the ice. 
arbon dates of buried peat in the section at 1.5- and 
m depths yield ages of 9,500 and 10,500 years. It therefore 
ms likely that this site was perennially frozen pricr tu about 
000 years B.P., with active ice wedge formation occurring 
g this time. This was followed by a period of thaw, 
ication or melting cf ice wedges to the 3-m depth, freshen- 


4 


ace to form a Half-Bogto Bogsoil. Thawingmay have been 
natically induced cr caused by local thermal disturbances 
has thaw lake migration (4). The sediment then refroze 
roximately to the present upper limit of perennially frozen 
, ice wedge formation occurred at various levels, and 
teral substrate possibly extruded onto the tundra surface. 
as been suggested that the up-heaving of mineral soil 
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2-1 1-0.5 0.5-0.25 
Es 1m 0.9 3.2 
L.2 0.7 1.0 3.1 
1.0 ret 1.0 2.9 
1.1 1.4 am | 2.9 
1.5 1.3 mk 2.9 
eg 1.4 1.0 2.7 
270 1.1 1.0 2.8 
1.8 1.0 0.9 7.8 
2.3 0.9 1.0 2.9 
2.2 0.9 rs 2.8 
1.9 1.0 1.0 2.8 
1.1 0.9 0.9 2-8 
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Fig. 4—Dry densities and moisture contents of a Meadow Tundra 


soil overlying an ice wedge. 


Table 1—Particle size distribution of a Meadow -Tundra soil, Barrow, Alaska 


Size fraction (mm), % 


0.25-0.10 0.10-0.05 0.05-0.02 0.02-0.002 < 0.002 
25.5 17.5 14.1 18.7 19.0 
26.2 20.3 12.0 16.7 20.0 
25.7 19.6 12.2 16.1 21.4 
25-7 18.6 13.8 17.4 19.3 
24.1 18.5 14.5 16.9 20.7 
23.2 18.0 14.7 18.0 21.0 
24.7 18.0 14.4 19.0 19.0 
24.5 19.2 12.9 16.7 22.0 
25.0 18.8 13.6 17.8 20.0 
24.9 18.9 13.5 16.9 21.0 
25.1 20.0 13.6 17.3 if .2 
24.5 17.9 16.2 18.3 18.7 
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Table 2—Partial chemical analyses of a Meadow Tundra soil, Barrow, Alaska 


meq/100 g* ~ 


author is indebted to Walter Grube for determination of cation exchange properties. 
square equations and correlation coefficients (values exclude 10-12 sample) for selected chemical analyses. 


CEC = 6.00 + 6.12(%C), r = + 0.971, significant at < 0.001. 
Ca + Mg = 0.828 + 0.859 (%C), r = + 0.952, significant at < 0.001. 


INITIAL CYCLE INTERMEDIATE CYCLE PRESENT CYCLE 


WEDGE GROWTH WEDGE FREEZE BAG ——~"WwepcE GROW 
OWTH oe MROGE FREEZE BACK WEDGE GROWTH 
MEADOW UPLAND MEADOW 
° _ TUNDRA %\_TUNDRA 9? TUNDRA 


os a 


MELTING & 


em pH $$$ —_———Ca+Mge/Na+K % base % Loss on %C ON 
Mg Na K ratio saturation ignition ’ c* ey 
STrEEEEEIEEEET RRR 
a 122 12.1 5.6 0.65 0.35 18 15 = 23.0 4:75: he 
4.7 33.0 2.8 1.8 0.22 0.09 15 15 10.8 4.5 0.32 
4.7 17.1 1.6 0.9 0.18 0.06 10 16 4.6 2.0 0 u 
4.6 ie 1.2 0.9 0.18 0.06 9 14 4.0 Lav 0.09 bs 
4.5 17.8 1.3 0.9 0.16 0.06 10 13 4.1 1.8 0.10 " 
4.7 20.4 1.8 0.9 0.15 0.05 13 14 5.6 2.5 0.12 tM 
4.8 27.7 2.4 1.2 0.14 0.04 20 13 Pe 3.6 01158 a 
4.5 23.3 2.2 1.1 0.14 0.06 16 15 6.5 2.7 0.16 = 
4.8 24.9 2.1 m4 0.10 0.08 18 14 6.2 2.6 0.17 nT 
4.9 20.0 2.0 1.2 0.11 0.12 14 17 5.6 2.4 0.16 s- 
4.9 20.2 2.0 a1 0.12 0.13 12 16 5.1 2.5 0.16 =. 
4.8 21.8 2.0 1.8 0.13 0.12 15 18 6.7 2.9 0.21 i 
4.8 33.6 2.4 a3 0.18 0.15 14 15 10.1 4.3 0.30 
Cs 2 ae Se < 
, ee 
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ow 


DEPTH OF SEASONAL THAW 


igh an organic surface when the seasonal] thaw layer is 
eed in volume is a mechanism which might explain the 
spread occurrence of a buried organic layer in tundra soil 
wthern Alaska (10). In addition, there is some evidence 
srtain cases to suggest an eolian origin for the surface 
tle of clean mineral soil although no recent additicns of 
borne material have occurred at this site. The present 
arn of polygonal ground then developed on the newly 
n and freshened sediment. 

order to interpret the role of ice wedge growth in terms 
indra soi] formation, an idealized sequence Jeading to the 
Jopment of the soil profile shown in Fig. 3 is presented in 
5. In the initial stages of ice wedge growth, a thin ice 
re (A) forms in the near-surface perennially frozen ground. 
this point the volume of soil overlying the wedge is 
smely small. With time, and in this case without any 
ier accumulation in over-burden sediment, the ice wedge 
nds laterally (B), thus increasing the amount of soil over 
ice wedge. During this growth period areas adjacent 
1e wedge are being elevated to form either flat-topped 
gons or polygons with raised edges and low centers. 


SUBSIDENCE 
\ FRESHE NING 
c 


DISRUPTED 
PALEOSOIL 


LATE PLEISTOCENE (15,000 BP) PRESENT 
ToAMe 
== SURFACE PEAT 
*%x*%% BURIED PEAT 
7?“ POSSIBLE SOIL MOVEMENT OR DEPOSITION 


Fig. 5—Idealized diagram of the formation of tundra soils over ice wedges. 


Growth of the wedge may cease if a change in the therm 
regime of the ground occurs or if the wedge becomes buriel. 
When thawing of the ground occurs (C), however, ice in Oe 
soil melts with an attendant decrease in ground volume and s& 
increase in surface peat which accumulates in a more favoraWe 
wetter environment. Subsequent refreezing of the theme: 
soil results in an increase in grcund volume as moistest 
segregates into excess ice, and smal] intermediate ice wolot 
(D) form. The ice wedges (Z) near the surface then develep 
and grow as the overlying soil forms. 
Evidence as to the ages of the soil and wedge show® * 
Fig. 3 is suggested by a radiocarbon date from peat at the 
50-cm depth which directly overlies the wedge. This partisit 
decomposed peat yielded an age of 1775 + 120 years BF. 
(I-699) and is considerably younger than the more deeply 
buried peats, suggesting that the age of both the presat 
Meadow Tundra sci] and ice wedge are on the order of sent 
thousand years (6). Two other dates of buried peat ove bss 
ice wedges in the Barrow area yield similar ages (2200 = * 
years, 1-2602 and 2450 +: 120 years, I-2123; unpublished 
of the author). These three relatively young buried 
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substantiate the active frost churning processes 
with soils overlying ice wedges as indicated in 
One means of peat burial over an ice wedge is through 
ive downward movement of surface peat in the 
sf contraction crack and subsequent churning above 
However the latter has not been directly observed. 
Sepia precesses that are unique to soils overlying 
include the vertical cracking of the soil and the 
ei eater into the crack which freezes and later thaws 
iply the soil with an added source of moisture. Since 
scking occurs along the long axis of the wedge at a 
om of one crack per season (1), the disturbance and 
‘on of water and ice occur in only a small portion of the 
» soil. During the period of summer thaw, lateral 
ment of water in the trough and through the soil results 
sansfer of heat which favors the melting of both basal ice 
sand the ice wedges. If water ponds on the surface, 
ater thaw penetration is likely to occur than when the 
h Jayer is insulated by a relatively dry organic layer at 
irface. Both these thermal erosive mechanisms can 
/a permanent subsidence of the ground or essentially a 
ning of the trough. This process is accelerated when a 
aphie gradient develops in the trough due to headward 
2 of drainageways. Another type of instability in the 
soils is suggested in the form of soil flowage. When 
bd to proper conditions, these saturated, fine grained 
nay flow internally. 
moisture contents of soil overlying ice wedges in the 
and thawed conditions reflect the redistribution of 
during the summer and fall seasons. Freezing from the 
sluw enough under the thick peat layer and high 
re contents so that freezing may also occur from the 
n of the thawed layer (3). The upper, fine ice lens zone 
s relatively faster freezing conditions than in the lower 
tally stratified zune of thick lenses which freeze from 
tum up. Moisture migrates to both freezing fronts, 
z in a dehydrated zone between 20 and 30 cm below 
‘ace. This process of moisture migration to the 
* fronts is well-known for both field and laboratory 


mmer results frcm the addition of melt water from ice 
nd surface water. 
Inical weathering, other than slow leaching of the 
soil and deeper paleoleaching, does not appear to be 
ficant factor in the soil forming processes. Douglas (10) 
ed several tundra soils from northern Alaska and found 
nor alterations in the clay minerals. In the present 
seasonal movement of cations during the freezing 
does not seem to be significant (Table 2). The 
at enrichment of monovalent cations in the dehydrated 
due to the lower organic contents and accompanying 
ivalent cation contents. The present results, due to 
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low initial concentrations, are inconclusive in terms of 


anticipated ion migration to the freezing fronts. 


A similar 


lack of chemical enrichment acccmpanying moisture migration 
was discussed by Ignatenke (13) and was explained by a lack 
of mineralization in the scil water. The repetitive cracking 
of a small] volume cof the soi] with subsequent additicn of 
relatively pure water provides the lower soil with moisture 
that has not previously leached through the overlying soil, 
It has been shown earlier (5) that the underlying ice wedges 
acquire small] quantities of mineral, organic and soluble salts 
from the overlying soil and in this way deplete to a very 
minor amount the overlying soil. 


16. 


Lis 


. Britton, 


. Ignatenko, I. V. 
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Types of contemporary orthoeluvial 
weathered-mantle 


Coarse detritic, almost abiogenic, 
unleached, carbon:ceous; alkaline 
“reaction, oxidizing conditions, con- 


tains readily soluble salts and carbo- 


nates, iron, and oxides of aluminium 
and manganese:( Polar desert type) 


Coarse detritic, slightly biogenic, 
‘slightly leached, saturated; reaction 
neutral or slightly acid, oxidizing 
conditions, carbonates and readily 
‘soluble salts leached out, absorbent 
complex saturated with bases, con- 
tains mineral oxides of iron and 
aluminium, (Arctic type) 


Detritic, biogenic, leached, highly 
saturated; reaction acid or very acid, 
mostly oxidizing conditions, high 
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Soil zone 


Polar desert 


Soil films under vegetation of lower 
order, carbonaceous, unleached, 
Soil cover dispersed-indigenous , 
against the background of rock 
surfaces devoid of life, 

Region - Antarctica 


Arctic 


Soils arctic, with varied criteria 
depending on the constitution of the 
bedrock and drainage conditions, 
slightly humified with signs of 
gleying, evidence of frost processes 
in the profile, slightly alkaline to 
slightly acid reaction, Soil cover 
indigenous faulted, dispersion of 
soils under higher vegetation against 
the background of a surface covered 
with soil films containing algae, 
Region - northwest part of the 
Canadian archipelago; Franz Josef 
Land, Severnaya Zemlya, De Long 
Islands, 


Tundra 


Arctic tundra sub-zone 


content of absorbed H’ and Al’ "in the/Soils arctic tundra, varying degrees 


absorbent complex, presence of mo- 


of gleying, humification, leaching, 


and unsaturation, active role of frost | 
processes in profile formation, slight- ig 
ly acid reaction, Soil cover slightly 
faulted, complex; combination of soils =| 
developed under growing vegetation, 


_bile, aggressive organic matter, loss 
of readily soluble salts, carbonates, 
alkalis, alkaline earths and silica; 
considerable accumulation of iron and 
aluminium in the form of hydroxides, 
organo-mineral compounds and 
hydromica, (Tundra-boreal type) 


and spotted soils with signs of 
degradation, 

Region - Spitsbergen, Novaya Zem- 
lya (northern island), Vaigach 
sland, the northern part of the 
Yamal and Taimyr peninsulas, the 
New Siberian Islands, Wrangel 
sland, 

Typical tundra sub-zone 

Southern tundra sub-zone 
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the constitution of the bedrock and the drainage conditions, form a whole spectr 

transitional variants, from carbonaceous soil films of the polar desert zone t d, 
slightly acid, saturated soils of the northern part of the tundra zone. 

I= 
From our point of view the zone of cold slightly humid r 
corresponds most to the idea of the arctic zone in the character of its orthoel@ 2 
weathered mantle and its soil cover. ¥ 

> 
3. Soils of the zone of cold humid climate, on the tundra +f 
type of orthoeluvial weathered crust. This zone takes in almost the entire t 
but here we are considering only the soils of the most northern, arctic tundra sup 
The latter is variegated in its bioclimatic conditions and may be sub-divided into 
ber of phases, The soils of the arctic tundra sub-zone have remained Ladera ¢ 
vestigated. Materials are available only on One-continental part of the zone (Bor 
‘Lyakhovekii Island; Karavaena, 1963), and we have used these. yi 
As soil forming rocks in this zone an important part is pla} et 
loose marine and continental deposits. Among the latter, unsalinized lacustrine it 
deposits predominate, with inclusions of plant remains and ice. _— 
a 
The flat water-divide areas * of these regions are made up ¢ f 
spotted and polygonal arctic tundras, with a cover less than {0 cm thick of mixed gt 
shrubs and mosses occupying 20 - 60% of the surface and more; the remainder (40% 
of the area is occupied by bare patches covered with a surface encrustation of alg: 
scaly lichens, and occasionally isolated clumps of mosses and higher plants, Theve ‘ 
plant associations have little biological mass and are open in the above-ground part i 
The underground parts on the other hand have considerable biomass ( two to twelve | 
times the mass above the ground) and join together under the bare patches ( Aleksat 
1958). Hence living matter plays a much greater part in the formation of these land 


The soils forming beneath the vegetation in these landscapes § 
a rather well differentiated profile: from the surface a thin ( 1 - 5 cm) Ay or A on 4 
horizon of a humus character, intermingling below with soil layers show!ng sip’ iy 
periodic or continuous gleying. The degree of gleying in the upper part of the prof. 
usually very slight, but lower down the gleying processes are intensified and develo Pa 
above the frost horizon under a continuous anaerobic regime. The mean depth of th 
of these soils is 30 - 40 cm, 


The frost phenomena in these landscapes are rather sharply 
expressed: fissuring, heaving (toa small degree), thermokarst processes ( due to & 
high ice content of the soil forming rocks), solifluction on slopes, etc, Moreover, 
nite frost characteristics are present in the very nature of the soils - supersaturation 
and gleying above the water-impermeable permafrost horizon, accumulation of humt 
and amorphus Fe,0 3 (sometimes also A1,0 3) compounds above them, frost-producet , 
texture, etc. 


These soils receive mobile organic substances throughout thé 3 
entire depth of thawing, have slightly acid reaction, and almost total saturation of a: 


absorbent complex with bases ( occasionally a slight unsaturation is Observed ° iy 
the Ao horizon), © - 


* In Russian pny landshafty", an ecological term for whith English has no tr 
equivalent. 
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